The monoclonal antibody Cat-301 was used to examine neurons in the cerebral cortex and dorsal thalamus of several mammalian species, including Old World monkeys, cats, bush babies, guinea pigs, and rats. In each species, subpopulations of cortical and thalamic neurons are stained along the surfaces of their somata and proximal dendrites.
Cat-301-positive cortical neurons include specific groups of pyramidal cells (e.g., corticospinal
but not corticobulbar or callosal neurons in the monkey sensory-motor areas) and certain GABA-immunoreactive nonpyramidal cells. In the thalamus, the relay neurons projecting to the cortex and not the intrinsic neurons are stained.
The Cat-301 -positive neurons are nonhomogeneously distributed in the cat and monkey cortex and thalamus.
In the cortex, they are densely packed in 2 bands that in most areas include layers Ill and V, but that in primary sensory areas include layers IV and VI. Because the density of stained neurons, their distribution, and the intensity of their staining vary among cortical areas, the borders between neighboring areas can often be detected by the differences in Cat-301 staining. Broader, regional differences are also readily apparent, for areas in the parietal and occipital lobes contain large numbers of intensely stained cells, but most areas in the frontal and temporal lobes contain fewer, more lightly stained neurons. The same broad differences are seen within the thalamus:
only those nuclei reciprocally connected with intensely stained cortical areas contain large numbers of Cat-301 -positive neurons.
Differences among species include variations in cell density and distribution when a given cortical area or thalamic nucleus is compared between cats and monkeys. Greater differences are seen among the other species. Immunoreactive neurons in the cerebral cortex are sparse and lightly stained in guinea pigs, are restricted to the hippocampal formation in rats, and are very rare and isolated in bush babies. Similarly, Cat-301 -positive thalamic neurons are restricted to only one or 2 nuclei in the guinea pig and rat and are extremely rare in the bush baby. Cat-301 stains organized groups of neurons in the cat and monkey cortex and thalamus.
In addition to the laminar or-ganization of stained cells in all cortical areas (see above), the Cat-301 -positive neurons of monkey areas 17 and 18 are grouped into radial arrays. In area 17, clusters of stained cells are present in layers above and below layer IVC. These clusters lie at the centers of ocular dominance columns, within patches stained for cytochrome oxidase (CO). Most of these cells are also GABA-immunoreactive.
In area 18, bands of immunoreactive cells are present in layers Ill-V, where they are found to coincide with CO bands in this area. In the cat and monkey dorsal lateral geniculate nuclei, the distribution of Cat-301 -positive neurons resembles the distribution of a particular functional class (the Y-like neurons), while in the monkey ventral posterior medial nucleus, the immunoreactive cells form elongated rods that interdigitate with the terminations of afferents from the principal trigeminal nucleus.
These data indicate that neurons expressing the Cat-301 antigen (s) are a morphologically and chemically heterogeneous population of cells that are present in the cortex and thalamus of 5 mammalian species. Within a broader pattern of distribution, groups of these cells form units in which neurons are related by common functional or connectional attributes.
Neuronal diversity is the hallmark of the mammalian CNS, and nowhere is this more apparent than in the cerebral cortex. There, neuronal diversity has been described in morphological terms for the last century (Golgi, 1883; Ramon y Cajal, 189 1; Retzius, 1893; KBlliker, 1896) and, at the present time, as many as 10 basic neuronal types are recognized by most workers (e.g., ValVerde, 1971; Lund, 1973; Jones, 1975; PetersandRegidor, 1981; Fair&r et al., 1984; Peters and Jones, 1984) . The characteristics used for classifying neuronal types include such well-established parameters as somal size, dendritic architecture, and the nature of the axonal ramification. Often, morphological distinctions made in this way have proven to have physiological correlates (Gilbert and Wiesel, 1979; Pamavelas et al., 1983; Martin and Whitteridge, 1984) , although it is still by no means established that, for example, all cells with different types of receptive fields in a sensory area of the cortex are morphologically distinct and vice versa.
Diversity in the cerebral cortex is also reflected in its division into cytoarchitectonic fields. Distinctive characteristics of these fields include variations in size, laminar distribution, and packing density of neurons, connections, and physiological properties (e.g., Wiesel, 1962, 1968; Gilbert and Kelly, 1975; Lund et al., 1975; Gilbert, 1977; Jones and Wise, 1977) and often an organization into detectable functional units, or "modules," that in some cases have demonstrable anatomical correlates (Wiesel et al., 1974; Jones et al., 1975 Jones et al., , 1979 LeVay et al., 1975; Horton and Hubel, 198 1; Livingstone and Hubel, 1984a) . Cytoarchitectonic and functional parcellations of similar type also exist in other areas ofthe CNS such as the thalamus (see Jones, 1985) . Neuronal diversity in the CNS may also be reflected in molecular characteristics. One obvious indication of this is the expression of a neurotransmitter or of a class of receptors (Houser et al., 1983; Emson and Hunt, 1984; Streit, 1984; Wamsley, 1984; Jones and Hendty, 1986) . Another is the expression of intracellular or surface molecules that may have little to do with the process of neuronal transmission, but may identify unique neuronal subpopulations (Bamstable, 1980; Zipser and McKay, 198 1; Hockfield and McKay, 1983a; McKay et al., 1983) . Such molecules may even identify subclasses of neurons that on all other counts appear the same Johansen et al., 1985) . Estimates of the extremely large numbers of unique mRNAs expressed by vertebrate central nervous system cells (Chikaraishi et al., 1983; Hahn et al., 1983) would suggest that the number of such molecules yet to be discovered is very high.
One approach to identifying such molecules is the production of monoclonal antibodies, made against relatively impure mixtures of nervous tissue and used to localize the molecules immunocytochemically. This strategy has yielded productive results in the detection of neuron-specific antigens in the nervous system of the leech (Zipser and McKay, 1981; Zipser, 1982; Hockfield and McKay, 1983b; McKay et al., 1983) , in the vertebrate retina (Bamstable, 1980; Lemmon and Gottlieb, 1982; Young and Dowling, 1984; Fry et al., 1985) , and in various parts of the mammalian CNS (Hawkes et al., 1982; McKay and Hockfield, 1982; Stemberger et al., 1982; Levitt, 1984) . Subsequent work will necessitate the isolation and identification of these antigens, as well as the characterization in detail of the neuronal populations specified by each. The present study is devoted to the second of these 2 lines of research, and deals with the distribution and the morphological, connectional, and neurotransmitter-related distinctions and similarities among neurons stained with a monoclonal antibody, Cat-301, in the cerebral cortex and thalamus of several mammalian species. Preliminary reports on certain aspects of this investigation have already appeared (Hendry et al., 1983a (Hendry et al., , 1984a Hockfield et al., 1983; Jones et al., 1983) .
Materials and Methods
The production of Cat-30 1 and the procedure for immunocytochemical staining have been described elsewhere (McKay and Hockfield, 1982; Hockfield and McKay, 1983a; Hendry et al., 1984a) . Twelve cynomolgus monkeys (Macaca fascicularis), I domestic cats, 5 Wistar rats, 3 guinea pigs (Cavia porcellus), and 2 bush babies (Galago senegalensis) were perfused through the heart with 4% paraformaldehyde or with 4% paraformaldehyde and 0.1% glutaraldehyde, both in 0.1 M phosphate buffer (pH 7.4). Blocks of the cerebral cortex and diencephalon were infiltrated with buffered 30% sucrose solution, cut on a freezing microtome at 10, 25, or 40 pm and prepared for immunocytochemistry. For every series of sections stained with Cat-30 1, additional sections were processed with normal mouse serum as a replacement for the monoclonal antibody to serve as a control for the nonspecific binding of mouse immunoglobulins (Igs) and of labeled anti-mouse Igs. No control section displayed staining of either the cell surface or of the neuropil comparable to that seen in Cat-30 1 -stained sections. The whole cerebral cortex of each species was examined either by staining a 1 -in-10 series through its entirety (rats, guinea pigs, cats, and bush babies) or by first dissecting the cortex into lobes and then cutting and staining a regular series of sections through each lobe (monkeys). The whole thalamus was examined in all species. Selected sections through both the thalamus and cortex were counterstained with thionin.
Three monkeys and the members of the other species were normal. The following experiments were performed on the other 9 monkeys:
1. Retrograde transport experiments involving sensory-motor cortex. Seven of the monkeys were injected with the fluorescent dye, Fast blue (8% wt/vol in distilled water). Two received multiole iniections of 0.3-b.5 ~1 unilaterally in the spinal cord at levels correspondmg to the fourth to eighth cervical segments (C4-C8), 2 received injections (0.1-0.2 ~1) into the cuneate and gracile nuclei, and 3 received multiple injections (0.2 pl each) unilaterally into the pre-or postcentral gyrus. These animals were allowed to survive from 10 to 14 d before they were killed. Sections of the sensory-motor cortex were processed for Cat-301 using a fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse Ig (Cappel). They were examined with a fluorescence microscope equipped with FITC and broadband ultraviolet filters. The thalamus in those animals receiving injections into the pre-or postcentral gyrus was also processed for the simultaneous detection of retrogradely transported fast blue and immunostaining by Cat-30 1.
2. Anterograde transport experiments involving the thalamus. In 2 of the monkeys, the principal nucleus ofthe brain stem trigeminal complex was injected with 0.2 ~1 of HRP (type VI; Sigma), 50°h wt/vol in normal saline. The nucleus was localized by first recording single-unit responses to tactile stimulation of the mouth and face. Following a survival of 2 d, the animals were perfused with 4% paraformaldehyde and 0. II glutaraldehyde. Sections through the thalamus contralateral to the injection were cut at 40 pm and collected serially. Every other section was processed for HRP histochemistry by the method of DeOlmos et al. (1978) . The adjacent sections were pretreated with 1% hydrogen peroxide in 50% methanol to remove peroxidase activity and were then processed for Cat-30 1 staining. The 2 sets of sections were mounted serially and adjacent sections were compared.
3. Experiments on the primary visual cortex of monkeys. One eye was surgically removed from 6 of the monkeys l-2 weeks before they were killed. During postfixation and sucrose infiltration, both occipital lobes of these monkeys and of the other 6 monkeys were flattened and sectioned at 30 pm parallel to the opercular surface. Every other section was stained for cytochrome oxidase (CO) activity by the method of Wong-Riley (1979) . The adjacent sections were stained with Cat-301; the sections of the 2 series were mounted in alternating sequence and were analyzed by superimposing the same radially oriented blood vessels in the adjacent sections.
Two other procedures were performed on normal animals: 1. Double immunocytochemical staining experiments. Three of the monkeys and 2 of the cats were prepared for simultaneous immunocytochemical staining with Cat-30 1 and for either GABA, somatostatin (SRIF), neuropeptide Y (NPY), or cholecystokinin octapeptide (CCK). Sections through the cortex and thalamus were incubated in Cat-301 and anti-GABA (diluted 1: 1500; ImmunoNuclear), anti-SRIF (1:500; Dako), anti-NPY (1: 1000; Amersham), or anti-CCK (1:500; ImmunoNuclear), washed and incubated in both FITC-conjugated goat antimouse In ( 1: 100: Cappel) and tetramethyl rhodamine isothiocyanate (TRITC)-conjugated goat anti-rabbit Ig (1:200; Cappel). The sections were examined bv fluorescence microscoov usina FITC and TRITC filter packs. Control sections in which the at&GABA or the anti-peptide antisera were replaced with antisera preadsorbed with an excess of antigen showed only Cat-301 staining. The anti-GABA was adsorbed with 20 &ml of GABA, and the anti-CCK, -SRIF and -NPY with 10 & ml of the respective synthetic peptides (Peninsula Labs and Bachem).
2. Counts of neurons. The number of Cat-301-positive neurons in 100~pm-wide traverses through several cortical areas was determined for each species. Similar counts were also made in the dorsal thalamus of cats and monkeys. Two methods were used. In one, IO-pm-thick frozen sections were stained immunocytochemically and counterstained with thionin. At least 4 sections through an area were counted from the 2 members of each species that displayed the most intense staining, judged qualitatively. In the other method, 40-pm-thick sections cut on a Vibratome were stained, osmicated, and embedded in plastic. Blocks were cut at 2 pm on a Porter-Blum MTZB ultramicrotome and stained with methylene blue and Azur II. In both the frozen and plastic sections, all Cat-30 1 -immunoreactive neurons and nonimmunoreactive neurons possessing a stained nucleus were counted.
Counts were also made from IO-pm-thick frozen sections that had been prepared for simultaneous immunofluorescent detection of both Figure 1 . Staining of cortical neurons with Cat-30 1. A, Neuron in guinea pig cerebral cortex containing numerous small Cat-30 1 -positive "packets" (arrows) and a large stained region (arrowhead) within its cytoplasm. In addition to the cytoplasmic staining, the cell is also stained along its surface.
Bar, 5 pm. B, Cat-301 staining of the rat hippocampus. A small number of cell bodies in stratum pyramidale (P) and stratum radiatum (R) of fields CA1 and CA3 are intensely stained. In addition, the neuropil of the inner portion of stratum radiatum is stained in CA3, but not in CAl, so that the border between these fields (arrow) is apparent. Intense staining of neuropil is also found in the molecular layer (M) and in the granule cell layer (G) of the dentate gyrus. Bar, 80 pm. C, Staining of a pyramidal cell in layer V of monkey area 4. The plane of the section grazes the surface of the soma, producing an en face view. Along the surface of the soma, dark Cat-30 1 staining surrounds numerous small, circular regions (arrows point to examples) and other, more elongated profiles that have been left unstained. The large, unstained region (arrowhead) is where the plane of section has cut through the cell surface, presumably at the origin of a dendrite. Bar, 15 pm.
GABA and Cat-30 1. Counts were made of single-and double-labeled cells in loo-pm-wide traverses through the sensory-motor, parietal, and primary visual areas of the 2 cats and the 3 monkeys prepared for fluorescent immunostaining.
Counts were restricted to neurons with somal diameters of more than 8 pm so as to reduce the frequency of partial-cell counting.
Results
Neurons in the cerebral cortex and thalamus of rats, guinea pigs, cats, bush babies, and monkeys are stained with Cat-301. In these species, a common pattern of staining of individual neurons is seen, but the numbers and types of immunoreactive neurons are greatest in cats and monkeys, and their distributions are the most complex. Hence, for the various features of Cat-301 immunostaining, cats and monkeys will be described in detail and will be compared only briefly to the other species.
Neuronal staining with Cat-301 As reported previously for brain stem and spinal neurons (McKay and Hockfield, 1982; Hockfield and McKay, 1983a) , the staining of cortical and thalamic cells with Cat-301 is primarily on the surfaces ofneurons, where it outlines their somata and dendrites. The staining has a lattice-like appearance, and when the surface of a Cat-30 1 -positive neuron is viewed en face, it appears fenestrated, with thin immunoreactive bands surrounding circular, unstained regions (Fig. 1C) . In addition to the staining of cell surfaces, which is present in each species, Cat-301 stains cyto- plasmic structures in the neurons of the guinea pig cortex, where densely immunoreactive profiles are present in the somata and dendrites of many surface-stained cells (Fig. 1A) . This intracellular staining can be detected only within neurons that also display the typical Cat-301 staining on their surfaces. Many cortical areas and thalamic nuclei that contain Cat-30 1 -positive cell somata also display a diffuse, yet dense, staining of parts of the neuropil. This neuropil staining varies in intensity among areas and nuclei, and while it is generally greatest in areas of cat cortex, it is also intense in specific areas of monkey cortex (e.g., layer VI of area 17) and rat cortex (e.g., the granule and molecular layers of the dentate gyrus; Fig. 1B ).
Cerebral cortex Numbers of cells stained in cortex. Although large numbers of Cat-301-positive neurons are present in the neocortex of cats and monkeys, only a fraction of the total neuronal population in any area of cortex is Cat-301-positive, and the number of immunoreactive neurons varies from area to area. Table 1 shows the number of Cat-30 1 -positive neurons in a 100~pm-wide traverse through each of the 3 most densely stained areas, 4, 1-2, and 17. The greatest number of Cat-30 1 -positive cells is found in areas 4 and 17 of cats, where 5 7-6 1 neurons are present within lOO-Km-wide columns through the thickness of the cortex. The number of Cat-30 1 -positive cells is considerably smaller than the total number of neurons counted in the same sections (Table  1 ). These figures indicate that, in the cat, approximately 20% of the neurons in areas 4, 1-2, and 17 are Cat-301-positive, but that in the monkey only 10% of the neurons are Cat-301-positive. This lower percentage in monkey cortex is found for each area examined, including area 17, where the number of stained neurons is the same as in cats, but where the total number of neurons is far greater in the monkey (Table 1) .
Classes of cortical neurons stained with Cat-301. Throughout the neocortex the Cat-301-positive neurons make up a heterogeneous population, with stained cells of different morphologies and sizes present within any cytoarchitectonic area. Two broad types of cells are immunoreactive. One has a large triangular-shaped soma and a single, prominent apical dendrite stained for approximately 100 pm (Fig. 2, A, B) . Multiple large, stained processes also emerge from the base of the soma ( Fig.  2A) . These are the morphological features of pyramidal neurons. The second prominent class of Cat-30 1 -positive neurons has a rounded soma of variable size that gives rise to several stained processes (Fig. 2 , B, C). The processes are all of equal size and emerge from any point along the surface of the soma, but for the larger-sized somata they most commonly arise from the upper and lower poles and adopt a vertical orientation (Fig. 2c) . The processes are frequently stained for a distance of 200-300 pm, over which they divide once or twice. These are the morphological features of nonpyramidal cells, and the somal and dendritic features of the larger type are those of the large basket cell (Marin-Padilla, 1969; Jones, 1975; DeFelipe et al., 1986) .
Combined retrograde transport and immunocytochemical experiments confirm that some pyramidal cells are Cat-301 -positive and indicate that the staining is specific for certain pyramidal cell subpopulations. Within the monkey sensory-motor cortex, corticospinal neurons are Cat-301-positive ( Fig. 3 ; see also Hockfield et al., 1983) . Injections of Fast blue into the monkey cervical spinal cord (including the dorsal and ventral horns and the corticospinal tracts at levels C3-C8) label pyramidal neurons in layer V throughout the forelimb, trunk, and hindlimb representations in area 4 and in the first somatic sensory area (SI). Corticospinal cells ofall sizes are Cat-30 1 -positive ( In monkey cerebral cortex, a small population of Cat-301-positive nonpyramidal cells in layer VI and in the white matter immediately deep to it also displays immunoreactivity for one of the neuropeptides, CCK, SRIF, or NPY. However, most of the peptide-immunoreactive neurons in these and other layers could not be stained with Cat-30 1.
Laminar organization of Cat-3Ol-positive neurons and variability among areas. In both cat and monkey cerebral cortex, Cat-30 1 -positive cells are distributed unevenly across layers. Although present in all layers, the immunostained cells are densely packed in some and are sparse in others; this laminar distribution varies from area to area. Cat-30 1 -positive cells in both the cat and monkey neocortex adopt a basically bilaminar distribution, with large numbers present in 2 bands: a superficial band that usually includes layer IIIB and a deep band that is largely coextensive with either layer VB or VI (Fig. 6 ). Area1 differences in the cat cortex arise from variations in the width of the superficial band, differences in the density of stained cells in the 2 bands, and the varying degree to which a third, deep band is stained. Such differences are apparent between areas 17 and 18 of cat visual cortex (Fig. 7A ). The intensely stained superficial band of cells in area 17 is wide and includes both layers IIIB and IV, while in area 18 the band contains fewer Cat-30 1 -positive cells and includes only layer IIIB. The stained cells also form a relatively dense band in layer VI of area 17, but this is reduced in area 18. Although the staining differences are most dramatic between areas 17 and 18, similar changes in staining patterns are evident between other areas of cat cortex ( Fig. 7A ), thus marking architectonic borders.
In the monkey cerebral cortex, it is mainly a difference in the depths of the Cat-301-stained bands that serves to mark the borders between areas. As in the cat, most areas of monkey cortex possess relatively dense bands of cells in layers IIIB and V, but in some areas stained cells form major bands that include layer IV, or some component of that layer, and layer VI (Figs.
6, C-E, 7B). Such a distribution is found in area 17, where layers IVB and VI contain a large number of and posterior borders of area 3 in the first somatic sensory cortex neurons (Figs. 6E, 7B ). At the border with area 18, the 2 bands (Fig. 8A ). The cells in area 3 are relatively lightly stained and of intensely stained cells in area 17 give way to more lightly are concentrated in layers IV and VI, while those in the more stained bands in layers IIIB and V (Fig. 7B) . The change clearly anterior area 4 and the more posterior areas l-2 are heavily marks the border between these areas. Similar, though less drastained and occupy major bands in layers IIIB and V (Fig. 8A) . matic, changes in Cat-301 staining are evident at the anterior Much broader area1 differences exist within the cat and mon- key cortex, based on gross differences in the numbers of Catincluding the entire temporal region, with the auditory areas 30 1 -positive cells. In both species, a wide expanse of cortex that and the insular cortex, contains relatively few stained neurons includes the sensory-motor areas, the primary and secondary (Figs. 8, 9) . Areas ofthe frontal lobe and the areas ofthe cingulate visual areas (17 and 18), and the associational areas of the gyrus are also conspicuous for their very low density of stained suprasylvian gyrus contain the highest densities of immunocells (Figs. 8, 9 ). reactive cells (Figs. 8, 9 ). By contrast, a large block of cortex, Species dlfirences. Differences exist among species in the Figure 6 . Laminar organization of Cat-301-stained neurons in cat and monkey cerebral cortex. In area 4 of both cats (A) and monkeys (c), numerous Cat-30 1 -positive cells occupy 2 bands, corresponding to the deeper halves of layers III and V. However, the density of cells within these layers is much greater in the cat and, thus, the bands stand out more clearly. Within cat (B) and monkey Q area 17, a relatively large number of Cat-301-positive cells are found in layer IV or in subdivisions of that layer, but these species differ in the distribution of cells in the deeper layers: a dense band is present in deep layer V of cat area 17, while the densest staining is found in layer VI of monkey area 17. The photomicrograph in D is of the section adjacent to the one in E, but stained histochemically for CO to delineate the laminar boundaries. Bars: 90 pm (A. B); 250 Ctrn (C-E). patterns of Cat-30 1 staining, even for the same functional areas of cortex. The differences include variations not only in the number of Cat-301-positive cells and in the proportion that displays GABA-like immunoreactivity (see above), but also in the laminar distribution of the cells and the intensity of their staining. These differences can be seen by comparing the staining of areas 4 and 17 in cats and monkeys (Fig. 6 ). Broader differences are seen with the other species. Many neurons in the guinea pig cerebral cortex are immunoreactive, but the number of cells is still much lower than in cat and monkey cortex and is significantly lower than in several subcortical sites of the guinea pig brain, such as the claustrum. In the rat cortex, only neurons of the hippocampal formation are Cat-301-positive (Fig. 1B) ; in the bush baby cortex, very few, widely scattered stained cells are present in any part of the cortex. Columnar organization of Cat-301-positive neurons in monkey visual cortex. We have reported previously Hendry et al., 1984a) that in the monkey primary visual cortex, the major concentrations of Cat-30 1 -positive neurons are found in layers IVB and VI. In layer IVB, most Cat-301-positive neurons are large (15 pm in diameter), closely packed nonpyramidal cells with long, intensely stained processes. Near the nonpyramidal cells are a few, very large Cat-301-positive cells with triangular somata (> 20 pm in diameter) that give off single prominent ascending dendrites and are probably pyramidal cells. In layer VI, a large, mixed population of neurons and the surrounding neuropil are stained. The stained neurons include many with small somata and others with large (15-20 pm in diameter) triangular somata. Cat-301-positive cells are also found in other layers of monkey area 17 (Figs. 6E, 7B ), including layers II-IVA, IVC, and V, where small neurons (somata 8-12 Mm in diameter) give rise to one or 2 short, stained processes.
The paired photomicrographs in Figure 10 are from adjacent sections cut parallel to the pial surface through area 17 of a normal monkey. The section in Figure 10 , left, was stained with Cat-301 and that in Figure 10 , right, was stained for CO. Both sets of photomicrographs show that the staining in layers II-III is patchy. The patches stained for CO in layers II-III average 120 x 180 pm in diameter and, in sections cut parallel to the pial surface, line up in rows with a center-to-center spacing of 450 pm (Fig. 10B ). Those stained with Cat-301 are smaller, averaging 90 x 140 pm, but also line up in rows, with a spacing of 450 pm (Fig. lOA) . By superimposing the profiles of blood vessels that run radially through the thickness of the cortex, we compared the distribution of CO and Cat-30 1 patches. As seen in Figure 10 , the patches of Cat-30 1 -positive cells deep in layer III consistently coincide with the CO patches. In layer II and the superficial part of layer III, the Cat-301-positive cells are more evenly dispersed, and form clusters that are not as distinct as those more deeply situated. The relationship between the CO and Cat-301 staining in layer II and superficial layer III is not as consistent as that in deep layer III. In some places, the 2 appear to be complementary, with the Cat-301-positive cells occupying zones between the CO-stained patches. Still, in many other places, the clusters of stained cells and the patches of intense CO staining coincide precisely, as they do in deep layer III (Fig. 10, A, B) . Although the patches of Cat-30 1 -positive cells deep in layer III coincide with the patches of intense CO staining, the 2 are not entirely coextensive. First, 20% of the CO patches have no corresponding patch of Cat-30 1 -stained cells. These CO patches without Cat-30 1 -positive equivalents adopt no obvious pattern and appear to be randomly distributed in the horizontal dimension. Second, most patches of Cat-301-positive cells are smaller than their CO-stained counterparts. Comparison of adjacent sections reveals that the Cat-301~stained patches occupy the central, most darkly stained cores of the CO patches and, thus, occupy only one-half to two-thirds of the latter (Fig. 10 , C, 0.
As shown in Figure 11 , the patches of Cat-30 1 -positive cells are present in layers IVB and VI of area 17, and these also line up in rows that are perpendicular to the area 17/18 border Hendry et al., 1984a) . Figure 11 shows the distribution of Cat-30 1 -positive cells in area 17 of a monkey from which one eye had been removed 7 d before it was killed. Unlike the normal, uniform CO staining in layer IVC, the staining in an enucleated monkey consists of alternating darkly and lightly stained strips, 400-600 pm wide (Fig. 11B) . These correspond to ocular dominance columns associated with the intact eye and removed eye, respectively (Horton and Hubel, 1981) .
The photomicrograph in Figure 11A shows that the Cat-301-positive cells in layer IVB, overlying the CO-stained bands in IVC, are grouped into patches that line up in parallel rows. When profiles of the same radially oriented blood vessels are aligned in the 2 micrographs, the rows of Cat-30 1 patches can be lined up with the centers of both the darkly and lightly stained CO strips.
C -c- The association between the Cat-30 1 patches and the system of ocular dominance columns is also apparent in layer VI. In unilaterally enucleated monkeys, the rows of CO patches in this layer are not equally stained. Instead, patches in every other row, associated with the removed eye, are pale and shrunken, while those in intervening rows, associated with the intact eye, are relatively large and intensely stained, appearing as thin stripes (Fig. 11D) . The Cat-301 staining in layer VI of both intact and enucleated monkeys is made up of patches of neurons that line up in parallel rows (Fig. 1 lc) , but in the enucleated animals the neuropil staining between the rows decreases in intensity, making the patchy nature of the staining more distinct. Alignment of profiles of the same blood vessels in Figure 11 , C, D demonstrates that the rows of Cat-30 1 -stained patches coincide with both the darkly stained and lightly stained rows of CO patches, confirming that the Cat-301 patches lie at the centers of both sets of ocular dominance columns.
The clusters of Cat-30 1 -positive cells in area 17 are made up principally of GABA-immunoreactive neurons. The patches of small Cat-30 1 -positive cells in layers II-III (Fig. 12, A, B ) and the patches of larger stained cells in layer IVB (Fig. 12, C, D) contain Cat-30 1 -positive neurons that are also immunostained for GABA. The double-labeled cells are a fraction of the entire, more evenly dispersed, population of GABA neurons in these layers. The Cat-301 -positive cells in layer VI of area 17 also include small, GABA-immunostained neurons and larger neurons that display no GABA immunoreactivity (Fig. 12 , E, F).
The photomicrographs in Figure 13 show that the patterns of CO and Cat-30 1 staining are also nonhomogeneous in area 18. The intense CO staining in area 18 consists of a series of bands varying in width from 200 to 300 Mm to as much as a millimeter (Livingstone and Hubel, 1982;  Fig. 13A ). The bands are continuous through layers IIIB-VB. In sections stained with Cat-30 1, bands of immunoreactive cells are also evident in layers IIIB and VB (Fig. 13A) . The bands are apparent because of the larger number of Cat-30 1 -positive cells within them, as compared with the regions between them. The bands of greater Cat-30 1 staining coincide with every other band of intense CO staining (Fig. 13) . For the most part, the Cat-301 staining appears to occupy an area equal to that of the CO staining, although, in some cases, the stained neurons occupy a thinner region that includes only the central two-thirds to three-quarters of a COstained band.
Other areas of cat and monkey cortex were examined for periodic Cat-301 staining. In some areas, such as the sensorymotor areas of the monkey and area 17 of the cat, the Cat-30 lpositive cells are distributed nonhomogeneously, with bands or patches of cells being separated by more lightly stained regions. However, in no area do the Cat-30 1 -positive cells adopt a simple, regular pattern in the horizontal dimension, as was seen in areas 17 and 18 of the monkey. (Fig. 14) . In some thalamic nuclei of both species [e.g., the ventral posterior lateral (VPL) and ventral posterior medial (VPM)] the stained neurons give off 4 or 5 stained processes, the largest of which divide repeatedly close to their parent somata and give rise to a tuft of finer stained branches (Fig. 14A) . In other nuclei, such as the dorsal lateral geniculate nucleus (LGN), the Cat-301-positive neurons do not have extensively stained processes. The neurons of the dorsal thalamus stained by Cat-301 are exclusively relay neurons projecting to the cerebral cortex. Figure 14, D, E shows that neurons in VPL labeled by the retrograde transport of fast blue from the ipsilateral SI (Fig. 14E) are Cat-30 1 -positive (Fig. 140 ). In contrast with findings in the cerebral cortex, no GABA-immunoreactive neurons in the monkey thalamus, except for those in the reticular nucleus (see below), are stained with Cat-30 1 (Fig. 14, B, C) . Instead, the large Cat-30 lpositive cells in the dorsal thalamus are covered along the stained surfaces of their somata and dendrites with numerous GABApositive terminals (Fig. 14, B, C) .
Cat-301 staining across thalamic nuclei. Like Cat-30 1 -positive cortical neurons, the thalamic cells are nonhomogeneously distributed, with the density and distribution of stained neurons differing markedly among nuclei and species. In the following description, the nuclei are named according to Jones (1985) .
In the dorsal thalamus of cats and monkeys, members of a restricted number of nuclear groupings are stained (Figs. 9, 15) . These include the anterodorsal nucleus in the anterior group, the rostra1 nuclei (central lateral, central medial, and paracentral) of the intralaminar group, and the suprageniculate-limitans and posterior nuclei of the posterior group. In the ventral group, VPL, VPM, and the ventral lateral anterior (VLa) and ventral lateral posterior (VLp), nuclei contain dense collections of Cat-301-positive cells (Fig. 15, A-D) . Stained cells are also found throughout the LGN, although they are not evenly stained or distributed through this nucleus (Fig. 15, C, D ; see below). In the medial geniculate complex, stained cells are restricted to the magnocellular nucleus. With the exception of solitary, intensely stained cells that are found in some nuclei, particularly the lateral posterior nucleus and the anterior pulvinar nucleus, all other dorsal thalamic nuclei are unstained.
The ventral thalamus of the monkey is made up of the reticular and pregeniculate nuclei and the nuclei of the zona incerta and of the field of Forel. All contain neurons and neuropil stained with Cat-301 (Fig. 15) . The staining divides the pregeniculate nucleus into a darkly stained dorsal cap and a lightly stained ventral region (not illustrated). Within the reticular nucleus, virtually all neurons are stained, and these are distributed in thin, finger-like clusters (Fig. 15) . All of the Cat-301-positive cells in the reticular nucleus are also immunoreactive for GABA (not illustrated). In the cat ventral thalamus, the ventral LGN is heavily stained, with large immunoreactive cells tending to form clusters in more dorsal regions of the nucleus (Fig. 16B ).
Intranuclear organization of Cat-301-positive neurons. The distribution of Cat-301-positive cells in the LGN of monkeys and cats and in the VPL and VPM of monkeys is not uniform.
respectively. The CO bands have the same orientation as the rows of Cat-30 1 -stained patches in layer IVB (A), and when the positions of the same blood vessels (circles) are compared in A and B, the Cat-301-positive rows in layer IVB are found to line up with the centers of both sets of ocular dominance columns. D, CO staining in layer VI is made up of rows of patches. In every other row, corresponding to columns dominated by the intact eye, the patches are larger and more darkly stained, forming thin, continuous stripes. In the alternating rows, the patches are shrunken and pale. By comparing the positions of the same blood vessels (circles) in C and D, it can be seen that the Cat-301-stained rows line up with both the lightly and darkly stained CO rows. Bar, 1 mm. As we have reported earlier Hendry et inae, owing to the lower density of immunoreactive neurons al., 1984a), 2 prominent bands of intense Cat-301 staining are (less than 40% of the total neuronal population) and the lighter present in the monkey LGN, corresponding to the magnocellular staining of individual cells (Fig. 164 . No Cat-30 1 -positive cells layers (Fig. 16A) inar plexuses are Cat-30 1 -positive (Fig. 16B) . Laminae A and Al also contain Cat-301-positive neurons, but these are fewer and more lightly stained than in the neighboring regions. Large neurons are stained in A and Al, and while they are found throughout both layers, they are concentrated ventrally, adjacent to the interlaminar plexuses. In counterstained sections, the Cat-30 1 -positive cells make up a small fraction of the total neuronal population in these layers. Very few stained cells are present in laminae Cl-C3, but a large number of intensely stained neurons occupy the entire MIN (Fig. 16B) . Small, lightly stained neurons also occupy the extreme lateral margin of the adjacent pulvinar nucleus, corresponding to the retinal recipient zone of the nucleus (Berman and Jones, 1977) or the "geniculate wing" (Guillet-y et al., 1980) . In VPL and VPM of the monkey thalamus, clusters of 12-30 Cat-301-positive neurons, lying within a densely stained neuropil, occupy areas 200-500 pm wide (Fig. 160 . The clusters of cells are separated from one another by unstained regions that in some cases approach the size of an average cluster, but most commonly are narrow wedges, no more than 100 pm wide. In serial sections, the stained cell clusters line up as rods, elongated in the anteroposterior dimension. Comparable rods have been described recently as termination zones of afferent axons of the medial and trigeminal lemnisci . The relationship between the afferent rods and the aggregates of Cat-30 1 -positive cells was examined by comparing the distributions of trigeminothalamic axon terminations and immunocytochemically stained neurons. The paired photomicrographs in Figure  16 , C, D show adjacent sections through VPM, one demonstrating anterograde transport of HRP from the contralateral principal sensory nucleus of the trigeminal complex (Fig. 16D) , and the other showing the distribution of Cat-30 1 -positive neurons (Fig. 16C') . In both sections, patches of staining are separated by regions devoid of staining. Comparison of the micrographs by alignment of blood vessels shows that the staining patterns occupy the same general region but interdigitate with one another. These data indicate that the Cat-30 1 -positive cells lie within the regions of principal sensory trigeminal afferent terminations, but tend to occupy the spaces between the afferent rods.
Dlyerences among species. With the exception of the intranuclear organization in the LGN and VPM, the Cat-30 1 staining of cat dorsal thalamus is very similar to that of the monkey. This is not the case of the other species we examined. In both the rat and guinea pig, Cat-301-positive cells have a far more restricted thalamic distribution (not illustrated). The intralaminar nuclei in both species contain immunoreactive cell bodies, and these form the sole population of stained thalamic neurons in the rat. In the guinea pig, very dense collections of intensely stained neurons are also found in the reticular nucleus and the zona incerta. Scattered Cat-301-positive cells are also present in the anterodorsal nucleus of this species. Very few Cat-301-positive cells are present in the thalamus of the bush baby.
Discussion
In the mammalian CNS, the search for novel neural antigens has centered on monoclonal antibodies (mABs) specific for single morphological or functional classes of neurons; however, Figure 14 . Cat-301 staining of neurons in the monkey thalamus. A, Staining of a neuron in the VPL nucleus. In addition to staining of the soma and proximal dendrites, numerous finer branches are stained to give the bushy appearance of a typical relay cell. /3, C, Cat-301 (B) and GABA (C) staining in layer 1 of the monkey dorsal LGN. Two large Cat-30 l-positive cells (arrows) display no GABA immunoreactivity, but are surrounded by GABA-positive terminals. A small GABA-positive cell (arrowhead in CJ is not stained by Cat-301. D, E, Cat-301 staining (0) of a large neuron in the monkey VPL nucleus. The same neuron is also labeled by the retrograde transport of Fast blue (E) from injections into the ipsilateral postcentral gyms. Bar, 10 pm.
with the exception of certain regions, notably the retina (Barnon the staining of neurons by a single mAB, Cat-30 1, in an effort stable, 1980; Young and Dowling, 1984; Fry et al., 1985) and to identify characteristics common among the neurons expressthe cerebellar cortex (Hawkes et al., 1982 (Hawkes et al., , 1985 , such specificity ing the antigen. It was recognized in earlier studies that Cat-30 1 has rarely been encountered. In the present study, we focused is not specific for a single morphological class of neuron in any Figure 15 . Cat-30 1 staining of the monkey thalamus and adjacent nuclei. Dense staining of cells and neuropil is present in several nuclear groups, including the anterior group (anterodorsal nucleus; AD), the intralaminar group (paracentral and central lateral nuclei; PC and CL), and the ventral group (ventral lateral anterior, VLu, and ventral lateral posterior, VLp, nuclei, ventral posterior lateral, VPL, and ventral posterior medial, VPM, nuclei, and the dorsal lateral geniculate nucleus, LGd). Cat-301-positive cells are also present in the reticular nucleus (R), the pregeniculate nucleus (Prg) and in the zona incerta (Zr). Some staining is also found in the posterior hypothalamus. Scattered Cat-301-positive cells are present in the putamen (P) and internal segment of the globus pallidus (GPi), while dense staining is found in the external segment of the globus pallidus (GPe) and the substantia nigra (SN). Bar, 5 mm. and Hockfield, 1982; Hockfield and McKay, 1983a; Hockfield et al., 1983; Hendry et al., 1984a) . However, it was also recognized that the mAB stains groups of neurons that, unlike morphologically definable classes, may correspond to physiologically distinct or anatomically related units Hendry et al., 1984a) . In using Cat-301 to examine more fully the cerebral cortex and thalamus of several mammalian species, we have concluded that Cat-301 stains a diverse collection of morphologically, biochemically, and connectionally distinct neurons that, in some instances, appear to be parts of organized neuronal systems. The present findings will be discussed in relation to 2 broad issues: (1) the organization of the cerebral cortex and thalamus and of neuronal groupings within these regions; (2) the properties that are common among thalamic and cortical neurons expressing the Cat-30 1 antigen.
Cortical and thalamic organization Subdivision of pyramidal cell and GABA cell populations. In the neocortex, Cat-301 is not specific for a single class of cell, but stains both pyramidal and nonpyramidal neurons. These are fundamentally different classes of cells: pyramidal cells include the majority of neurons with axons that leave the cortical area in which their somata lie (Gilbert and Kelly, 1975; Lund et al., 1975; Jones and Wise, 1977) , while nonpyramidal cells form the majority of the intrinsic or local-circuit neurons (Valverde, 1971; Jones, 1975; Fairen et al., 1984) . It is evident that Cat-30 1 does not stain all members of either the pyramidal or nonpyramidal class, but recognizes subtypes within each class. Differences among pyramidal cells are well known in terms of their connectivity (Lund et al., 1975; Jones and Wise, 1977; White, 1986 ) the morphology of their axons and dendrites (Gilbert and Wiesel, 1979; Pamavelas et al., 1983; Martin and Whitteridge, 1984) , and their functional properties (e.g., Cheney and Fetz, 1980; Evarts et al., 1981) , but few differences have been seen in their chemical properties. For example, several lines of evidence suggest that, regardless of the targets of their axons and the laminar position of their cell bodies, pyramidal cells employ the excitatory amino acid glutamate as a neurotransmitter (Streit, 1984) . The present study and previous studies employing mABs (Wood et al., 1982) have detected differences in the immunocytochemical properties of pyramidal cells, including the cells of a single layer. These data suggest that, among the population of pyramidal cells, the expression of certain antigens varies in addition to and possibly in conjunction with differences in connectional, morphological, and functional attributes. Cat-301 also stains a subpopulation of the GABA-immunoreactive, nonpyramidal cells in both the cat and monkey cerebral cortex. It is well established that the cortical GABA neurons include several morphologically distinct classes (Houser et al., 1984) , each of which appears to occupy a unique position within intracortical circuits by virtue of its synaptic contacts with other pyramidal and nonpyramidal neurons (e.g., Freund et al., 1983; Hendry et al., 1983b; Somogyi and Soltesz, 1986) . Chemically distinct subpopulations of GABA neurons have also been identified by their cytoplasmic immunostaining for one or more t The Journal of Neuroscience, February 1988, 8(2) 537 neuropeptides (Hendry et al., 1984b Somogyi et al., 1984) and calcium-binding proteins (Celio, 1986) and by their cell-surface staining with other mABs (Arimatsu et al., 1987) or lectins (Nakagawa et al., 1986) . Cat-301 does not appear specific for groups of cortical GABA neurons characterized by their morphology or by the expression of other surface or cytoplasmic molecules. The mAB stains the surfaces of both large and small GABA neurons. The somal size and the large, predominantly vertical, dendritic field of the largest type suggest it is the large basket cell, for no other cell type conforms to this description (Marin-Padilla, 1969; Jones, 1975; DeFelipe et al., 1986) . Among the smaller nonpyramidal cells stained by Cat-30 1, a variety of morphological types may be present (Jones, 1975; Peters and Regidor, 198 1; Fair& et al., 1984) . Similarly, a fraction of the Cat-30 1 -positive nonpyramidal cells also display either CCK-or SRIF-and NPY-like immunoreactivities, while the majority exhibit immunoreactivity for no known neuropeptide. These findings indicate that Cat-30 1 immunostaining defines a unique group of cortical GABA neurons that is heterogeneous in both its morphological and its chemical characteristics. By contrast with cortical neurons, the neurons of the dorsal thalamus stained by Cat-301 all appear to be of a single broad class-the relay cells that project to the cerebral cortex. Cells labeled by the retrograde transport of fluorescent dyes from the cortex are Cat-30 1 -positive, and none of the GABA-immunoreactive thalamic cells, identified previously as intemeurons (Penny et al., 1983; Fitzpatrick et al., 1984; Montero and Zempel, 1985) is stained by the mAB. These findings are similar to those of previous studies in the cat brain stem and spinal cord, which indicate a preferential staining of long-axoned relay cells by Cat-301 (Hockfield and McKay, 1983a) . The thalamic relay cells receive synaptic inputs not only from the GABA cells intrinsic to each nucleus, but also from the GABA cells of the thalamic reticular nucleus (Houser et al., 1980; Oertel et al., 1983; Yen et al., 1985) . Although the intrinsic GABA cells are not stained with the mAB, all neurons of the reticular nucleus are Cat-301-positive.
When the dorsal thalamus and reticular nucleus are considered together, the staining is similar to that of cortical neurons, since in both regions relay cells and a subpopulation of GABA neurons that innervates them express the Cat-301 antigen(s).
Variations among cortical areas and thalamic nuclei. Cat-30 1 staining varies qualitatively and quantitatively among cortical areas and thalamic nuclei in both cats and monkeys. Broad differences are seen in the cerebral cortex, where some areas contain large numbers of intensely stained cells, while other areas contain few, widely dispersed, and lightly stained neurons. These divisions often involve entire lobes, so that areas of the parietal and occipital lobes are intensely stained and most areas of frontal and temporal lobes are lightly stained. The same types of broad differences are seen among groups of thalamic nuclei. In addition, variations in the density and distribution of stained neurons between neighboring areas and nuclei are often striking. The variations among cortical areas may be surprising in the context of previous evidence that, except for primate area 17, nucleus (R). Bar, 200 rm. C, Cat-301 stainina of the ventral nosterior lateral (VPL) and ventral nosterior medial nuclei (VPM) and the anterior pulvinar'nucleus (P/u). The cells in these nuclei are organized into clusters. 0: Section adjacent to C stained for anterogradely'transported HRP following an injection into the principal nucleus of the trigeminal complex. By comparing the positions of the same blood vessels in the 2 sections (x), the trigeminothalamic afferents are found to interdigitate with the clusters of Cat-301~positive cells in VPM. Bar, 200 pm. the numbers of neurons within an area (Rockel et al., 1980; Powell, 1981 ) the morphological types of neurons (Fairen et al., 1984) and probably the circuits that the neurons form (Jones, 1983a; Hendry, 1987) do not vary greatly among areas. Even the numbers of a well-defined neuronal subpopulation, the GABA-immunoreactive neurons, appear to remain constant across most areas of monkey cortex . The homogeneity of the cortex has been accented in these studies, the implication being that afferent connections represent the major differences among areas. However, recent studies in which neurotransmitters, their related enzymes, and their receptors have been localized to cortical neurons have detected many differences among areas in the density and distribution of the neurons and their processes (Wise and Herkenham, 1982; Hendry et al., 1984c Hendry et al., , 1987 Campbell et al., 1987; Jones et al., 1988) . Such differences mark the borders between neighboring areas and are particularly prominent when areas of different lobes are compared. Staining with Cat-30 1 is thus a dramatic example of the general finding that when cortical neurons are chemically characterized, heterogeneity among areas becomes obvious. This heterogeneity is likely to represent differences in the organization of the cortical areas and may contribute to the physiological differences among areas.
Relatively little is known about differences in phenotypic expression among neurons of the dorsal thalamus. The same basic circuit elements exist in each nucleus of the cat and monkey thalamus (Jones, 1983b) ; these include one or more systems of ascending afferent axons, the relay neurons, and, in most species, a population of intrinsic neurons. Cat-301 stains the relay neurons of only a few nuclei. Relay neurons exist in several morphologically distinct forms within a single thalamic nucleus (Guillery, 1966; Friedlander et al., 198 1; Yen and Jones, 1983) , but the neurotransmitter properties of these cells and any chemical differences between neurons of different nuclei are unclear. Variations among thalamic nuclei include not only the sizes and packing densities of neurons, which serve to distinguish the structure of one nucleus from its neighbors, but also the sources of afferent axons and the targets ofefferent axons (Jones, 1983b) . The present study of Cat-301 staining and a previous study of mAB immunostaining (Levitt, 1984) provide evidence that relay cells in one nucleus differ from those of other nuclei in an immunocytochemically detectable fashion. The association of thalamic Cat-301 with relay cells projecting only to heavily stained cortical areas suggests that differences in staining among thalamic nuclei may be related to the differences in connections.
Dzfirences among species. Cat-30 1 stains neurons in the cerebral cortex and thalamus of all the mammalian species studied. These findings indicate that, for all these species, at least some thalamic and cortical neurons express one or more molecules with a common epitope. Conservation of epitopes across species has been described in other studies (e.g., Venter et al., 1984) , and highlighted by the observation that mABs raised against the eye of Drosophila recognize antigens that are also present in the human CNS (Miller and Benzer, 1983) . More striking and possibly more significant are the differences in Cat-30 1 staining ofcortical and thalamic cells that exist across species. These differences include variations in the number and distribution of immunostained cells and the intensity of their staining. Such variations are appreciable between cats and monkeys, but are relatively modest when compared with the marked differences found between these species and rats, guinea pigs, and bush babies. The species differences raise the possibility that either a molecule similar in function and cell-surface location to the antigen(s) recognized by Cat-301 is present on many neurons, but is modified in some species so that the mAB fails to recognize it, or that the Cat-301 antigen(s) and function(s) are features of fewer cortical and thalamic neurons in some species.
Immunostaining of organized groups of neurons. Neurons of the cerebral cortex and of the LGN are organized into layers. Within a given layer, cells with similar connections and physiological properties are aggregated together. Through differences in the numbers of neurons stained and the intensity of their staining, Cat-30 1 identifies the laminar organization of the cerebral cortex and LGN of cats and monkeys. Within the cortex, the stained cells may be laminated because groups of connectionally specific neurons express the Cat-30 1 antigen (see below); in the LGN, a closer association appears to exist between Cat-30 1 immunostaining and a neuron's functional properties. The greatest number of stained cells in the cat and monkey LGN is found in layers and subnuclei in which the well-known Y-type cell is found Hendry et al., 1984a) . Y-type cells can be distinguished from other geniculate relay cells by their nonlinear spatial summation of visual stimuli (Enroth-Cugell and Robson, 1966) . In cats, such cells dominate the MIN population and, in the laminar dorsal LGN, dominate lamina C and form the largest cells of the A laminae (Cleland et al., 197 1, 1976; Fukuda and Stone, 1974; Wilson and Stone, 1975; Wilson et al., 1976; Kratz et al., 1978; Dreher and Sefton, 1979) . In monkeys, although criteria differ (So and Shapley, 198 l) , there is a consensus that neurons physiologically similar to the cat Y-type cell are the major cell population of the magnocellular laminae (Dreher et al., 1976; Sherman et al., 1976; Schiller and Malpeli, 1978) . In all of these sites Cat-301 stains many neurons.
Neurons in the VPM nucleus of monkeys are clustered together into functional units in which groups of relay cells have receptive fields related to the same part of the face or mouth and project to isolated columns in the cortex (Jones and Friedman, 1982; ). The units, or "rods," are narrow and elongated in the anteroposterior dimension. Immunostaining with Cat-30 1 independently corroborates the organization of VPM neurons into rods, and shows that the relay neurons projecting to SI lie outside the zones of afferent terminations from the contralateral principal trigeminal nucleus. It is not known whether a second afferent source, possibly the ipsilateral principal trigeminal nucleus (Ganchrow and Mehler, 1986) , selectively innervates the Cat-301-stained rods. In addition, it is not known what type of VPM neuron, left unstained by Cat-30 1, occupies the zones of contralateral trigeminal input. Since double-labeling studies indicate that the great majority of VPM neurons projecting to SI are stained by Cat-301, but that all GABA-positive neurons are unstained, the contralateral principal trigeminal nucleus may terminate among relay cells projecting to areas other than SI or among GABA cells intrinsic to VPM.
Columnar organization of Cat-301-positive neurons in monkey visual cortex. Cat-30 1 staining in certain layers of the monkey visual cortex coincides with well-known patterns of histochemical staining. In area 17, Cat-301-stained patches fall within narrow columnlike zones of CO staining that run vertically though the cortex at the centers of ocular dominance columns (Horton and Hubel, 198 1; Hubel, 1982,1984a) . CO-stained periodicities are most prominent in layers II-III and VI and are in vertical register with one another and with similar, lighter-stained periodicities in layers IVB and V. Narrow, vertical columns of CO staining thus tend to traverse the thickness of area 17, being interrupted only by the homogeneous CO staining in layers IVA and IVC. In the present study, dense clusters of neurons were stained in layers III, IVB, and VI, and these were found to coincide with the patches of intense CO staining.
Electrophysiological studies and studies of 14C-2-deoxy-D-glucase uptake show that neurons within the CO periodicities of layers II-III lack orientation selectivity (Humphrey and Hendrickson, 1983; Livingstone and Hubel, 1984a) , but are sensitive to specific wavelengths of light (Livingstone and Hubel, 1984a) . The CO patches in layers II-III appear to be connected preferentially with one another (Livingstone and Hubel, 1984b) and with certain of the CO-stained bands that are present in area 18 (Livingstone and Hubel, 1983) . The patches may receive at least part of their geniculocortical inputs from a specific population of LGN neurons that lie in the S layers and in the interlaminar zones (Livingstone and Hubel, 1982) . These physiological and anatomical studies suggest that the CO-stained patches in layers II-III are structurally and functionally distinct units within area 17. The present study shows that within these units are clusters of cells that share cell-surface molecules recognized by Cat-301, indicating that cells within the units are also biochemically distinct.
The CO patches in layers II-III can be divided on physiological grounds into a central core and a surrounding shell (Livingstone and Hubel, 1984a) . The core is made up of cells that display no selectivity for the orientation of a visual stimulus, whereas in the shell, cells display some orientation selectivity (Livingstone and Hubel, 1984a) . In the present study, we found that for the patches in layers II-III, the core regions contain most of the Cat-30 1 -positive cells. The CO patches in layers II-III are also regions in which dense clusters of large punctuate profiles, probably representing axon terminals, are immunoreactive for the GABA-synthesizing enzyme glutamate decarboxylase (GAD, Hendrickson et al., 1981) ; but the GAD-positive somata in these layers are no denser in the patches than they are between the patches Hendry et al., 1987) . Thus, the present findings in which GABA and Cat-30 1 were colocalized indicate that the Cat-30 1 staining in layers II-III and IVB is patchy because the mAB stains preferentially that subpopulation of GABA neurons situated at the core of the CO patches.
Only a fraction of the neurons within a CO patch are Cat-30 1 -positive, suggesting that the stained and unstained neurons in a patch may be fundamentally different types of cells. Three physiologically distinct classes of neuron have been identified in the patches (Livingstone and Hubel, 1984a) . Two are colorsensitive, double-opponent neurons with different spectral sensitivities (red-green and yellow-blue), and the third is a type of broadband cell with a center-surround organization (Livingstone and Hubel, 1984a) . One possibility is that Cat-301 preferentially stains one of these groups. The distribution of Cat-30 1 -positive neurons in the magnocellular layers of the monkey LGN suggests that some are Y-type neurons (see above). A similar suggestion has been made Hendry et al., 1984a) for neurons in the cat LGN because of their size and concentration in laminae A, Al, C, and the MIN, and their projection to area 18 (Sur et al., 1984) . There may be reason, then, to expect that the population of neurons in the CO patches stained with Cat-301 will prove to be responsive to broadband stimuli. However, the presence of Cat-30 1 -positive neurons throughout the parvocellular layers of the LGN and their very limited numbers in layer IV& of area 17 demonstrate that staining with this mAB is neither restricted to Y-type cells nor includes all Y-type cells.
In area 18 of monkeys, CO and Cat-301 both stain a series of parallel bands. The CO staining consists of thick (1 -mmwide) and thin bands that are oriented perpendicular to the border of areas 17 and 18 (Livingstone and Hubel, 1982; Tootell et al., 1983) . The CO-rich bands in area 18 form specific interconnections with the CO-rich patches in area 17 (Livingstone and Hubel, 1983) and the bands and patches are both labeled by 14C-2-deoxy-D-ghtcose uptake when a diffuse, nonoriented visual stimulus is presented to the monkey at low spatial frequencies (Tootell et al., 1983) . Both are left unlabeled when an oriented stimulus is presented at high spatial frequencies (Tootell et al., 1983) . Results of the present study (see also DeYoe et al., 1986) indicate that, in addition to their interconnections and functional similarities, neurons in the COrich bands of area 18 and those in CO-rich patches in layers III and IVB ofarea 17 also display similar molecular characteristics, since a relatively large proportion are Cat-30 1 -positive.
Repeating units of cortical organization have not been detected by CO staining in areas outside the monkey visual cortex. Cat-30 1 staining in the cat visual cortex and in many other areas of cat and monkey cortex also showed little evidence ofa regular, periodic pattern. The somewhat patchy distribution of Cat-30 lpositive neurons in the sensory-motor area and in other areas of monkey and cat cortex may be due to the selective staining of particular classes of efferent neurons, since these are often loosely grouped into irregular clusters (e.g., Jones and Wise, 1977; Murray and Coulter, 198 1) . However, the apparent failure of Cat-30 1 staining to detect ocular dominance columns in the cat and to recognize columnar arrangements associated with commissural and corticocortical fibers that have been demonstrated in many areas (e.g., Jones et al., 1975 Jones et al., , 1979 GoldmanRakic and Schwartz, 1982) indicates that the mAB is not a general marker of cortical "columns."
Common properties of Cat-301-positive neurons To determine whether Cat-30 1 recognizes groups of cells that, although present through much of the thalamus and cortex, are still interrelated, we compared the structure, connectivity, and neurotransmitter expression of groups of these cells. Cat-30 lpositive neurons in areas 17 and 18 of the monkey cortex, in the VPM and VPL of the monkey thalamus, and in the LGNs of monkey and cat thalamus were clustered into orderly arrays. Although this finding cannot be generalized to the neocortex and thalamus as a whole (see above), the ability of Cat-301 staining to demonstrate the patterns of organization in these regions, as well as in the hippocampal formation, caudate nucleus, and olfactory cortex (unpublished observations) suggests that certain features of forebrain organization may be associated with the antigen(s) recognized by Cat-30 1.
Many Cat-30 1 -positive neurons and groups of neurons in the cat and monkey cortex and thalamus are interconnected. At its broadest, the relationship between connectivity and immunostaining can be seen for the thalamus as a whole, since only those thalamic nuclei reciprocally connected with intensely stained areas of cortex contain Cat-30 1 -positive neurons. At a finer level, for subpopulations of cells within a cortical area, Cat-301 staining may also be related to connectivity. Thus, of the many types of target-specific pyramidal neurons in the sensory-motor areas of the monkey cortex (Jones and Wise, 1977) those projecting to the spinal cord are stained preferentially. A certain specificity may also exist for the connections of Cat-30 lpositive GABA neurons. In layer V of the sensory-motor areas of monkey cortex, the large basket cell, which synapses upon the somata and dendrites of the stained corticospinal cells (DeFelipe et al., 1986 ) is Cat-30 1 -positive, while many smaller GABA cells of the same layer are unstained by Cat-30 1. These data suggest that within a very large population of thalamic and cortical neurons, there are groups of Cat-30 1 -positive cells that are closely related by their connectivity. The question can be asked, therefore, whether the antigen(s) recognized by Cat-301 contribute to the biological processes that underlie establishment or maintenance of connections. Neuronal cell-surface molecules have been implicated in many aspects of nervous system development, including cell-cell recognition (Barondes and Rosen, 1976) and adhesion (Edelman, 1984) , and in neurotransmission between adult central neurons. As in previous studies (Hockfield and McKay, 1983a) , we found that the antigen(s) recognized by Cat-30 1 lies along the surfaces of cortical and thalamic neurons, possibly within the extracellular matrix. Two features stand out from this and previous studies of Cat-30 1: it stains neurons throughout the neuraxisthus the Cat-30 1 antigen(s) may be involved with neuronal events that occur in many regions of the central nervous system; and it stains only a subpopulation of neurons in any one region, suggesting that the antigen(s) may function selectively to distinguish among cells within an aggregrate. The localization studies have identified a provocative distribution of immunocytochemically characterized neurons. The nature of the Cat-301 antigen(s) and their functional role in the nervous system are the subjects of studies currently in progress (Zaremba et al., 1985) .
